CARDIAC TAMPONADE was recognized in the nineteenth century as a cause of impaired cardiac function."' 2 Pericardial disease has become much more common in recent years. Longer survival of patients with malignant disease, growing numbers of cardiac surgical operations, the treatment of chronic renal disease with dialysis procedures, the common use of anticoagulant drugs and the use of new drugs and irradiation in tumor therapy are largely responsible. Patients with acute pericarditis may have cardiac tamponade as the presenting feature. Medical patients with acute or subacute tamponade commonly differ from those with acute tamponade due to penetrating cardiac injury, because the fluid accumulation is often more gradual. Hence, the classic small quiet heart with increasing venous pressure and decreasing blood pressure may not be found in the medical patient with tamponade. We reviewed 56 cases of cardiac tamponade seen since 1963 by members of the Division of Cardiology of the University of Cincinnati. In this report, we emphasize the etiologic background, the clinical diagnosis, and the electrocardiographic, echocardiographic and radiologic features of cardiac tamponade in these medical patients.
Methods
Clinical and laboratory findings of patients with cardiac tamponade due to pericardial effusion who were evaluated between 1963 and 1980 were determined from review of notes of Cardiology Division staff members and from patient charts at five hospitals affiliated with the University of Cincinnati Medical Center. Most of these patients had been examined by one or more of our Cardiology Division staff. Cardiac tamponade was defined by the following criteria: in-creased jugular venous pressure as determined by inspection of the cervical veins, a paradoxical arterial pulse and the documentation of pericardial effusion by echocardiography, radioisotope scanning, contrast angiography or pericardial drainage. In addition, if a drainage procedure was performed, then the elevated venous pressure and paradoxical pulse improved or resolved. Paradoxic pulse was defined as an inspiratory decrease in systolic blood pressure of 10 mm Hg or more, measured by cuff or arterial cannulation.
One patient had cardiac tamponade without a paradoxic pulse.
Results
Between 1963 and 1980, cardiac tamponade was diagnosed in 56 patients -30 men and 26 women, average age 48 years (range 14-79 years).
Etiologies
The etiologies are listed in table 1. In part, the distribution of etiologies reflects the population served by the Cincinnati General Hospital, which provided 37 tion was present in all standard and precordial leads except aVR and V1. ST-segment elevation was not associated with ST-segment depression except in leads aVR and V1. Low voltage (total QRS deflection < 5 mm in each standard lead) was present in 21 of 53 ECGs.
Total electrical alternans (P, QRS and-T) was found in only four patients; alternans of the QRS complex only was found in an additional seven patients. Six of 11 patients with either total alternans or only QRS alternans had malignant pericardial effusion. The average amount of fluid obtained from the initial drainage procedure was 970 ml in patients with alternans, 515 ml in those without alternans and 621 ml in the entire patient group.
Three of 53 ECGs were normal, and five were normal except for low QRS voltage.
Radiologic Investigations
Chest radiograms were obtained in 55 of the 56 cases. Fifty-two (95%) had an enlarged cardiopericardial silhouette (cardiothoracic ratio greater than 50%) and three had normal heart size by radiogram. One of the three patients with normal heart size had acute traumatic tamponade from a perforated right ventricular wall during placement of an endocardial pacing electrode. One had metastatic carcinoma of the lung and bloody pericardial fluid. The third patient had an acute dissecting aortic aneurysm that ruptured into the pericardial sac. Pulmonary congestion on radiogram was absent in all but two patients. These two patients had pericardial effusion associated with myxedema and each had evidence of congestive heart failure before tamponade.
Cardiac fluoroscopy was performed in only 10 cases. All 10 had decreased pulsations of the cardiopericardial shadow, but in only two of the 10 was the epicardial fat pad seen within the pericardial shadow, demonstrating the presence of pericardial effusion. Cardiac fluoroscopy was not done in most instances because of its limited value in separating pericardial effusion from congestive cardiomyopathy and because of the risk to the patient incurred by absence from the critical care unit.
In six of the seven patients who underwent radioisotope blood pool scanning, the study was positive for pericardial effusion. In one patient the scan was interpreted as equivocal, even though 300 ml of fluid were removed by pericardial resection within 1 week of the scan.
By angiography, eight of nine patients had concavity to the right of the right atrial border after contrast injection. Similar observations were reported by Spitz and Holmes3 in six of nine patients with cardiac tamponade, of whom seven are included in this report. The right atrial border was convex to the right in four patients with pericardial effusion and no tamponade in that study.
Hemodynamic Investigations
Twelve patients underwent right-heart catheterization during cardiac tamponade. Right atrial pressure our observations; however, the consistent increase in right ventricular dimension after relief of tamponade in eight of nine patients in whom these data were available suggests that right ventricular compression is, in fact, present during tamponade (table 4) . Unfortunately, this may not be apparent until after the hemodynamic abnormality has been relieved. Similarly, our observation of an increase in the total cardiac dimension after pericardial drainage is not useful in the original diagnosis, but confirms the clinical impression of cardiac compression due to pericardial effusion (table 4) .
Treatment
Pericardiocentesis was attempted in 46 patients for relief of tamponade. Fluid was obtained and tamponade was relieved in 40 of the 46 patients. In three patients fluid could not be obtained. One of these three had infectious pericarditis (microaerophilic 4-hemolytic streptococcus); pericardial resection was successful and 500 ml of purulent pericardial fluid were removed. Of the other two patients, one died of tamponade from metastatic lung carcinoma involving the pericardium and the other responded to oral adrenal steroid therapy for nonspecific pericarditis with no recurrence.
The right ventricle was lacerated during the three other unsuccessful pericardiocenteses. One patient died during the procedure. The second patient suffered a cardiorespiratory arrest, from which she was resuscitated and then underwent emergency open pericardial drainage and repair of the lacerated right ventricle. Although this patient remained hemodynamically stable thereafter, hypoxic brain damage occurred during arrest and led to death from aspiration pneumonia 2 weeks later. The third patient did well after emergency open pericardial drainage and repair of the right ventricle. Thus, there were three major complications from 46 attempts at pericardiocentesis, yielding a major complication rate of 7%.
Pericardial resection was required in 12 of these 46 patients. In nine this was done because fluid reaccumulated rapidly after one or more pericardiocenteses, in two to repair a laceration of the right ventricle, and in one because no fluid was obtained by pericardiocentesis. Pericardiocentesis was not attempted in 10 patients; open-chest pericardial resection was carried out in six and no drainage procedure hematocrits were 40% or more in five patients; one of these had Hodgkin's disease, one had dissecting aortic aneurysm, one had catheter-induced perforation of the right ventricle, one had idiopathic pericarditis and was receiving Coumadin, and one had cardiomyopathy and was also receiving Coumadin. Five others had pericardial fluid with hematocrit of 30% or more; of these, one had metastatic lung cancer, one had nonspecific pericarditis, and three were receiving anticoagulant therapy. Pericardial fluid cultures were positive for bacteria other than M. tuberculosis in three patients (staphylococcus aureus, microaerophilic ,B-hemolytic streptococcus and pneumococcus). One patient had staphylococcus aureus endocarditis without a positive culture of the pericardial fluid.
Cytologic study of pericardial fluid was done in 12 patients who had metastatic cancer. Studies for tumor cells were positive in six and unrevealing in six.
Clinical Course
Thirty-eight of the 56 patients survived the episode of cardiac tamponade and were discharged from the hospital. Of 18 patients with metastatic malignant disease, eight survived the hospitalization for cardiac tamponade. Thirty of 38 patients without malignant effusion survived hospitalization. Seven of the eight patients with malignant effusion died within 13 months of the initial hospital discharge. Of the 30 patients without malignant effusion, 26 were alive at the last follow-up examination, after an observation period of 1 month to 1 1 years (average 3.2 years).
Discussion
In 1935, Beck described two triads for the diagnosis of cardiac compression.9 The triad of acute cardiac compression consisted of a decreasing arterial pressure, an increasing venous pressure and a small quiet heart. This triad occurred most commonly
because of intrapericardial hemorrhage caused by penetrating wounds of the heart, rupture of a myocardial infarct, rupture of a coronary or aortic aneurysm, or rupture of the base of a sclerotic aorta. The second chronic cardiac compression triad consisted of a high venous pressure, ascites and a small quiet heart. This triad occurred most often in the setting of tuberculosis, idiopathic pericarditis or constrictive pericarditis without effusion.9 10 Our experience with cardiac tamponade at the University of Cincinnati Medical Center reveals a clinical pattern difference from either of Beck's two triads.
Our patients were usually acutely but not critically ill. Dyspnea was the most frequent complaint and tachypnea or frank respiratory distress was generally present. Most patients were not in a shock-like state: 64% had an average systolic arterial blood pressure greater than 100 mm Hg, and 55% had an arterial pulse pressure of 40 mm Hg or more. Most patients were alert, oriented and able to provide a meaningful history. Urinary output was maintained and their extremities were usually warm.
The recognition of pericardial effusion and cardiac tamponade was often difficult in this series of 56 medical patients. Elevated systemic venous pressure, dyspnea and tachycardia were present in most patients; thus, myocardial failure was commonly the first diagnosis and pericardial disease was often not recognized in the beginning. The presence of a paradoxic arterial pulse was often the first clue to the diagnosis of tamponade. Only two of our patients had evidence of pulmonary congestion on radiogram, and each of them had had myocardial failure. Thus, clear lung fields despite an enlarged cardiopericardial silhouette suggested the possibility of pericardial disease rather than myocardial failure.
Although a paradoxic pulse is a valuable sign, it is not specific for cardiac tamponade and may be absent. A paradoxic pulse may occur in patients with acute or chronic obstructive airway disease, 11,12 shock,'3 pulmonary embolism,"' constrictive pericarditis,"' right ventricular infarction,'5 restrictive cardiomyopathy,'7 and extreme obesity or tense ascites.18
Inspiratory decline of systolic blood pressure of 10 mm Hg may occur in normal persons."' Pulsus paradoxus may be misleading in patients with obstructive airway disease and cor pulmonale if taken as evidence of cardiac tamponade. Such patients may be separated from those with tamponade when there is no right ventricular failure, as the systemic venous pressure is then elevated with tamponade only. However, when there is cor pulmonale with right-heart failure, not only may there be pulsus paradoxus, but systemic venous pressure is elevated as well. In some such instances pericardial effusion is present, and there may be abnormal inspiratory increase of right ventricular dimension on the echocardiogram without tamponade. fig. 3 ). After removal of 1200 ml of pericardial fluid, the wedge pressure remained elevated at 25 mm Hg, right atrial pressure decreased to 10 mm Hg, and intrapericardial pressure was -3 mm Hg (figs. 4 and 5). Thus, there was an elevation of both right and left ventricular pressures during tamponade, but the right atrial pressure was controlled by the intrapericardial pressure, whereas the left ventricular filling pressure was not. Hence, systemic systolic pressure decreased only 6-8 mm Hg during inspiration with tamponade. There was no inspiratory decline of systemic systolic blood pressure after relief of tamponade.
Cardiac tamponade was frequently the initial clue to pericardial disease. In 81% of the patients in the present series, cardiac tamponade was the presenting manifestation of pericarditis, but a history of chest pain was obtained in many of these patients.
In contrast to Beck's description, few of our cases of tamponade were associated with rapid intrapericardial bleeding due to trauma. Our series contained two cases of tamponade after diagnostic pericardiocentesis, one case of perforation of the right ventricle with an endocardial pacemaker and one case of tamponade after left ventricular puncture as a Brock procedure.
Pericardial effusion is frequently present in myxedema and was found in 30% of 33 patients studied by echocardiography. 23 open surgical drainage as initial treatment of pericardial effusion with or without tamponade.2. I. Needle aspiration is clearly indicated when there is immediate danger of death from tamponade; surgical drainage is clearly indicated when there is failure to relieve acute tamponade by needle aspiration, when tamponade continues to recur after needle aspiration, when surgical repair of a cardiac injury is required, or when diagnostic pericardial biopsy is essential. Cytologic study of pericardial fluid failed to show malignant cells in four of 10 of our patients with verified metastatic tumor. This experience was unlike that of Krikorian and Hancock," but resembles that of King and Kieberg. 55 We had three instances of right ventricular laceration with two deaths among 46 pericardiocenteses, and there was one death among 19 pericardial resections. Our policy is to require that all pericardiocentesis by done by cardiology staff members.
